The Basin and Range province is a composite Cenozoic taphrogen with a present configuration and internal geometry derived from superimposed multiple phases of extensional deformation driven by varied geodynamic impulses. Different components of the composite taphrogen derive from: (a) post-orogenic Late Paleocene to Middle Miocene slab rollback beneath overthickened crust of the Sevier-Laramide orogen, to induce migratory arc magmatism, tectonic denudation of Cordilleran metamorphic core complexes within associated domains of crustal extension, and belts of backarc rifting including pre-Middle Miocene phases of the Rio Grande rift; (b) Eocene transrotational tectonism that pivoted and displaced crustal elements of the Paleogene forearc in the Pacific Northwest; (c) late Early Miocene and younger crustal extension in the northwestern Basin and Range province (Numic subtraphrogen including segments in the Great Basin, Southeast Oregon Plateau, and Idaho-Montana border regions) as structural accompaniment to northward migration of the Mendocino triple junction; and (d) late Middle Miocene and younger crustal extension in the southeastern Basin and Range province (Piman subtaphrogen including the Gulf of California extensional province, interior Meseta Central province, and post-mid-Miocene Rio Grande rift) succeeding the rapid southward migration of the Rivera triple junction. A transtaphrogen bridge spanning the Mojave block, Eastern Transverse Ranges, and a broad region in southeastern California and southwestern Arizona experienced only limited post-mid-Miocene extensional deformation during evolution of the active Numic and Piman subtaphrogens lying to the northwest and southeast. The compound evolutionary history of the Basin and Range province renders moot any unitary theories for its geodynamic behavior.
Introduction
FOR NEARLY 75 YEARS, following posthumous publication of the classic study by G. K. Gilbert (1928) , the Basin and Range province has served the geological world as the type example of a mountainous tract of regional scale formed by extensional deformation. Its core is the Great Basin between the Sierra Nevada and the Colorado Plateau, but the diagnostic morphology of elongate horsts or tiltblocks standing above intervening alluviated basins extends for 2500 km along the trend of the Cordillera from the lava plains and the Idaho-Montana border region of the Pacific Northwest to central Mexico east of the mouth of the Gulf of California. Prongs of spatially associated deformation extend up the Rio Grande rift into the central Rocky Mountains and toward the Rocky Mountain trench in the northern Rocky Mountains. Cenozoic extensional deformation within the Basin and Range province involved multiple geodynamic impulses governed by varied geotectonic settings affecting different parts of the composite extensional domain at different times, and extending in part outside the Basin and Range province as most commonly construed.
In the terminology of Sengör (1987, footnote on p. 366), by analogy with the term orogen for a contiguous but composite tract of crustal shortening and thickening compounded from multiple orogenic phases (McKerrow et al., 2000) , the extensional Basin and Range province can be termed the Basin and Range taphrogen as a contiguous but composite tract of extensional deformation produced by multiple phases of Basin and Range taphrogeny (usage of Bird, 1988) . Its unity stems not from common origin, but from its continuity as finally developed, and its present geographic coherence is contingent upon the juxtaposition in space, and the superimposition in time, of disparate phases of deformation.
The purpose of this paper is to identify different geodynamic components ( Fig. 1 [foldout, follows p. 4]) of the Basin and Range province or taphrogen that differ in timing or style of extension, or in plate setting (Stewart, 1998) . Cordilleran metamorphic core complexes of the Pacific Northwest that lie outside the Basin and Range province are included in the analysis because they form the northern extension of a core-complex belt that lies mostly within the Basin and Range province; however, the corecomplex belt is much narrower than the lateral limits of the taphrogen as a whole. On the other hand, transtensional Neogene tectonism within the continental borderland lying offshore from southern California and northern Baja California is not treated because the belt of borderland deformation is separated from the interior Basin and Range province by the San Andreas transform zone of translation and transrotation.
In a recent tabulation of global rifts, Sengör and Natal'in (2001) subdivided the Basin and Range taphrogen into two subtaphrogens, Numic and Piman, lying respectively northwest and southeast of the narrow bottleneck in the overall extensional domain between the Colorado Plateau and the Transverse Ranges. The names "Numic" and "Piman" were taken from Native American language groups that were widespread in prehistoric times within key parts of the two subtaphrogens. Although their twofold subdivision is only a skeletal view of the geotectonic complexity of the taphrogen as a whole, different geodynamic components of the Basin and Range province can be treated as segments of northwestern (Numic subtaphrogen) or southeastern (Piman subtaphrogen) subdivisions of the Basin and Range domain, or of a "transtaphrogen bridge," which spanned the narrow bottleneck in the taphrogen and experienced only minor postmid-Miocene extension between the larger regions of the Numic and Piman subtaphrogens. The two subtaphrogens and the intervening transtaphrogen bridge, connecting the Transition Zone flanking the Colorado Plateau on the east with unextended ground lying beyond the San Andreas fault system on the west, are denoted on Figure 1 by different symbolization.
Geodynamic Context
The Basin and Range province evolved from parts of the Sevier-Laramide orogen that, by Paleogene time, had an overthickened crustal profile supporting topographic relief comparable to the modern Andean Altiplano or Iranian Plateau (Dilek and Moores, 1999; House et al., 2001; Spencer et al., 2001) . Intracrustal deviatoric stresses associated with the Sevier-Laramide crustal welt doubtless contributed to later Cenozoic extensional deformation (Coney, 1987; Sonder et al., 1987; Sonder and Jones, 1999) . Gravitational potential energy inherent in excess dynamic topography (Jones et al., 1996) may induce crustal extension in the upper levels of a developing orogen even during continued crustal thickening. One may infer, however, that taphrogenic extension of the full lithosphere beneath an overthickened orogen requires an altered geodynamic mode involving some change in the plate interactions that generated the excess topography.
Even when plate dynamics change from orogenic to taphrogenic, collapsing orogenic crust is decoupled from mantle lithosphere by mechanically weak lower crust, and cannot alone induce extension of the full lithosphere (Liu and Shen, 1998) , except to the extent that weakening of the upper mantle beneath overthickened crust may promote subcrustal extension (Harry et al., 1993) . From spacetime patterns of magmatism and deformation within the intermountain region of the Cordillera, the extracrustal geodynamic influences that drove extensional deformation within the Basin and Range province at various times and places during the Cenozoic are here inferred to have included all the following, each related to an altered pattern of plate interaction along the Cordilleran margin (as presaged by Eaton, 1979) :
1. Diachronous (Late Paleocene to Middle Miocene) slab rollback (Dewey, 1980) beneath a migratory extensional magmatic arc during subduction of the Farallon plate, or of successor microplates derived from it, prior to the progressive generation of evolving segments and strands of the San Andreas transform boundary between the Pacific and North American plates; resulting phases of deformation typified by tectonic denudation of Cordilleran metamorphic core complexes extended northward beyond the extent of the Basin and Range province as delineated by later block faulting.
2. Eocene transrotational extension of parts of the Pacific Northwest in the wake of the displaced Oregon-Washington (Pacific Northwest, or PNW) Coast Range and the Blue Mountains block, which rotated clockwise separately but simultaneously past one another; the part of this transrotational realm forming the Southeast Oregon Plateau was later incorporated into the Basin and Range province by superimposed block faulting that succeeded Middle Miocene flood basalt eruptions (Stewart, 1998) .
3. Latest Early Miocene and younger backarc and syn-transform extension in the Great Basin and adjacent parts of the Numic subtaphrogen, as obliquely northward migration of the Mendocino triple junction (Ingersoll, 1982) fostered crustal extension inland during progressive coupling of the Pacific and North American plates along the evolving San Andreas transform; transfer of oblique shear inland from the transform boundary induced extensional breakup of the continental block as far inland as the Idaho-Montana segment (Reynolds, 1979) of the Basin and Range taphrogen north of the Yellowstone hotspot track along the Snake River Plain.
4. Latest Middle Miocene and younger syn-transform extension affecting parallel coastal (Gulf extensional province) and inland (Meseta Central province) belts of the Piman subtaphrogen, including the contiguous Rio Grande rift, after abrupt migration of the Rivera triple junction southward past Baja California when the oceanic Guadalupe plate was consumed; coupling of the Pacific and North American plates in the latitude of Mexico occurred initially along the offshore Tosco-Abreojos fault zone, which served as the San Andreas transform plate boundary prior to opening of the Gulf of California and the consequent transfer of transform slip to the east of Baja California.
The block-faulted expanses of the northwestern (Numic) and southeastern (Piman) subtaphrogens of the Basin and Range province thus formed in somewhat different plate settings, related respectively to migration of the Mendocino FFT triple junction northward and the Rivera RTF triple junction southward, and each overprints earlier extensional phases related to older plate settings. The two subtaphrogens occupy roughly en echelon domains as partly overlapping rift belts morphologically akin, in a geometric sense, to propagating spreading centers at sea (Fig. 1) . The intervening ground between Numic and Piman domains is occupied by the unextended Colorado Plateau and by the adjacent tract here termed the transtaphrogen bridge in southeastern California and southwestern Arizona. Within the transtaphrogen bridge ( Fig. 1) , post-mid-Miocene extensional faulting has been subdued within the Mojave block and eastern Transverse Ranges (Mojave-ETR domain), and across the Colorado River extensional corridor into southwestern Arizona (SECAL-SWAZ domain).
Use of the terms Numic and Piman subtaphrogens avoids the potentially ambiguous subdivision of the Basin and Range province into informal "northern" and "southern," or northwestern and southeastern, domains between which divisors are not explicit. For example, the "southern" Basin and Range province often connotes the Desert Southwest of the United States, but approximately half of the Basin and Range taphrogen as a whole lies south of the international border in Mexico (Fig. 1 ).
Paleotectonic Maps
The evolving Cenozoic plate setting of the region including the Basin and Range province is shown by a series of paleotectonic maps constructed using the Muehlberger (1992) compilation as a base (enlargements of the paleotectonic maps register with his map). So as not to obscure familiar geographic relationships, no attempt is made to restore palinspastically either any interior features or the external shape of the Basin and Range province, even though this additional step is necessary for a full geometric analysis of its structural evolution (Severinghaus and Atwater, 1990; Atwater and Stock, 1998; Wernicke et al., 1988; Snow and Wernicke, 2000) . As the intent here is to provide a conceptual overview, not a detailed synthesis, of successive phases of Basin and Range tectonism, full palinspastic reconstruction of the Basin and Range province is not a primary goal. Palinspastic reconstructions of the Pacific fringe of the continental block are required, however, to set different phases of inland tectonism in paleogeographic and paleotectonic context.
Strike slip is restored on the San Andreas transform system of coastal California, including the subsidiary San Gregorio−Hosgri fault system (Dickinson and Butler, 1998) , and the Gulf of California is consequently closed by shifting the position of Baja California by 295 km (Stock and Hodges, 1989; Dickinson, 1996) for all maps depicting intervals prior to 5 Ma. Many interlacing coastal strands of the San Andreas transform system (Bohannon and Parsons, 1995) are too intricate, however, to depict at the scale of the paleotectonic maps.
The transrotational western Transverse Ranges (Nicholson et al., 1994; Dickinson, 1996) , which have rotated clockwise at a quasi-uniform rate since earliest Middle Miocene time, are back-rotated incrementally at 5°/Ma for intervals since 16 Ma (Dickinson, 1997) . Tectonic rotations of the PNW Coast Range and Blue Mountains are shown, but by pivoting them within the confines of an unaltered map on which their initial positions, as well as those of restored Klamath Mountains and Sierra Nevada blocks, are shown as dashed outlines. Colorado Plateau rotation is not treated, but has summed to <5°s ince Mesozoic time (Dickinson and Butler, 1998) .
Patterns of offshore spreading systems (intraoceanic ridges and transform faults) are reconstructed from patterns of seafloor geomagnetic anomalies depicted by Muehlberger (1992) , supplemented by Atwater and Severinghaus (1989) for the region north of his coverage. The ages of polarity chrons are adapted from Cande and Kent (1995) , and correlated with the Cenozoic chronostratigraphy of Berggren et al. (1995) . For clarity of graphical presentation at suitable scale, local complexities in anomaly configurations were simplified for the paleotectonic maps.
Control for the positions of ridges and transforms through time, with respect to the continental block, are taken from the orientations of the Mendocino and Pioneer fracture zones through time, and their intersections with the continental margin, as inferred by Stock (1998), or Stock and Molnar (1988) . Overlaps between the calculated intersections and ground within the continental margin, arising from lack of palinspastic reconstruction inland, are reconciled by shifting the intersection points along the trend of the fracture zones to the edge of the continental block. The seaward shifts required to position the intersection points at the plotted edges of the continental block do not exceed 75-100 km (~0.7 cm at printed map scale). The resulting tectonic reconstructions are closely comparable to the plate reconstructions of Stock and Molnar (1988) , Stock and Hodges (1989) , Lonsdale (1991) , and Stock and Lee (1994) .
Cenozoic volcanic fronts that delimit the shifting seaward edge of the migratory Cordilleran magmatic arc system are adapted from multiple sources: (a) for the Great Basin and Pacific Northwest lying west and north of the Colorado Plateau after Pearson and Obradovich (1977) , Stewart et al. (1977) , Luedke and Smith (1984) , Armstrong (1988) , Dickinson et al. (1988) , Moye et al. (1988) , Best et al. (1989) , Armstrong and Ward (1991, 1993) , Dickinson (1991 Dickinson ( , 2001 , Seedorff (1991) , Christiansen and Yeats (1992) , Luedke (1993) , Smith (1993) , Rowley et al. (1994) , Brooks et al. (1995) , Rowley (1998) , and Sherrod and Smith (2000) ; (b) for the Desert Southwest and Mexico lying south and east of the Colorado Plateau after Lipman et al. (1978) , McDowell (1979) , McDowell and Clabaugh (1981) , Stevens and Stevens (1985) , Spencer and Reynolds (1989a) , Dickinson (1991 Dickinson ( , 1997 , Sawlan (1991) , McIntosh et al. (1992) , McDowell and Mauger (1994) , Spencer et al. (1995 Spencer et al. ( , 2001 , Ferrari et al. (1999) , Bryan (2000), and McDowell et al. (2001) . Thermokinematic analysis of the inferred thermal state of subducting Cordilleran slabs through Cenozoic time (Severinghaus and Atwater, 1990) indicates that coherent subducted slabs (thermal parameter S<2) were present at the appropriate times beneath all the geographic regions where volcanic fronts are depicted on the paleotectonic maps.
Cordilleran Core Complexes
The most intense intraregional extension involved tectonic denudation of midcrustal rocks exposed within Cordilleran metamorphic core complexes Armstrong, 1982; Spencer, 1984) by slip along brittle-ductile shear zones in an extensional mode commonly described as superextension (or hyperextension). Movements along bounding detachment faults, and within the associated mylonitic shear zones preserved beneath them, varied regionally in both timing and direction (Rehrig, 1986; Wust, 1986b; Armstrong and Ward, 1991) . Mylonitic fabrics in deformed basement rocks are characterized by ductile behavior of quartz and brittle dislocation of feldspar.
The core complexes extend northward into the interior Canadian Cordillera for at least 750 km beyond the northern edge of the Basin and Range province (Fig. 1) , and similar features are present farther west near the eastern fringe of the Coast plutonic complex near the Canadian continental margin (Friedman and Armstrong, 1988) . Core complexes are unknown, however, within the southernmost 750 km of the Basin and Range province in Mexico (Nourse et al., 1994) . Although denuded core complexes are characteristic features in many parts of the Basin and Range province, the distribution of core complexes is thus not coextensive with the Basin and Range taphrogen.
Low-angle detachment faulting differs in structural style from later Basin and Range block faulting (Zoback et al., 1981; Dickinson, 1991; Burchfiel et al., 1992; Stewart, 1998) . Overall structural relations, the distribution of metamorphic facies in core rocks, paleomagnetic data, and basin analysis all indicate that detachment faults bounding core complexes maintained low angles of dip to shallow crustal levels (Reynolds and Spencer, 1985; Spencer and Chase, 1989; Spencer and Reynolds, 1991; Holm et al., 1992; Scott and Lister, 1992; John and Foster, 1993; Miller and John, 1999; Livaccari et al., 1995; Livaccari and Geissman, 2001) , whereas typical modern range-front faults are known from seismicity to maintain steep dips (>45°) for 12-15 km into the crust (Stein and Barrientos, 1985) .
Directions of extension recorded locally by core complexes can be inferred from their vergences, as reflected by the movement of upper plates of detachment systems over core rocks forming the lower plates. Azimuths of motion are defined jointly by the orientations of stretching lineations within mylonitic shear zones exposed directly beneath the detachment faults, and by the trends of megamullions or corrugations in the detachment systems ( Table 1 ). The vector-mean extension direction is close to eastwest (N85W-S85E; n = 9) north of the Basin and Range taphrogen, northwest-southeast (N65W-S65E; n = 11) within the Numic subtaphrogen, and northeast-southwest (N50E-S50W; n = 20) for the transtaphrogen bridge and within the Piman subtaphrogen. The contrast in net extension direction for core complexes is especially notable for regions lying to the northwest and southwest, respectively, of the Colorado Plateau, with an abrupt switchover in extension direction along a line trending slightly south of west toward the continental margin from the westernmost projection of the Colorado Plateau (Fig. 1) .
The timing of tectonic denudation of core complexes, as gauged by geochronology and thermochronology for mylonitic and associated core rocks, was also notably different from region to region (Table 2) . Four major geographic clusters of core complexes can be identified from distinctly different patterns of K-Ar, 40 Ar/ 39 Ar, and fission-track data (Fig. 2) . North of the Snake River Plain, tectonic denudation of the Pacific Northwest cluster, extending outside the Basin and Range taphrogen, occurred in Late Paleocene to Middle Eocene time (post-60 Ma, pre-40 Ma). In the Desert Southwest cluster of California, Arizona, and Sonora, tectonic denudation occurred much later, in Late Oligocene to Middle Miocene time (post-30 Ma, pre-12 Ma), both along the transtaphrogen bridge and within the Piman subtaphrogen. Within the Great Basin segment of the Numic subtaphrogen, two age groups of core complexes can be distinguished: (1) the Great Basin cluster in northeastern Nevada records two episodes of tectonic denudation, the first in Eocene-Oligocene time and the second in Early to Middle Miocene time; (2) the isolated Walker Lane−ECSZ (Eastern California shear zone) cluster in southwestern Nevada and the fringe of California is the youngest of all, with tectonic denudation in Late Miocene time (12-6 Ma). The Walker Lane-ECSZ cluster records local superextension related kinematically to intracontinental dextral shear (Oldow et al., 1994) along the trend of the Walker Lane (Hardyman and Oldow, 1991) and the geotectonically linked Eastern California shear zone (Dokka and Travis, 1990) .
Migratory Magmatic Arcs
Apart from the Walker Lane-ECSZ cluster, tectonic denudation of core complexes was closely associated in space and time with migratory polymodal magmatism within the intermountain region (Zoback et al., 1981; Gans et al., 1989; Armstrong and Ward, 1991; Mueller et al., 1999) . Some have argued on the basis of petrogenetic modeling that the magmatism was triggered by crustal extension not directly related to subduction of oceanic lithosphere beneath the continental margin (Norman and Mertzman, 1991; Hawkesworth, 1993, 1994; Hawkesworth et al., 1995; Hooper et al., 1995) . Assuming a contradiction, however, between crustal extension and plate subduction is a false dichotomy (Henry and Ressel, 2000a) , for intra-arc extensional tectonism is characteristic of many modern magmatic arcs (Hamilton, 1988) . Moreover, the onset of polymodal magmatism significantly preceded major crustal extension in all closely investigated regions (Best and Christiansen, 1991; Spencer et al., 1995; Henry and Ressel, 2000b) , and there is no close spatial correlation between magmatic centers and sites of superextension (Axen et al., 1993; Spencer et al., 1995) . Cenozoic volcanism and crustal extension in the intermountain region can be viewed as separate facets of the same evolving tectonic regime, with neither induced directly by the other (Taylor and Bartley, 1992) .
For the following reasons, migratory volcanic fronts that swept through the area of the Basin and Range taphrogen from earliest Eocene (~55 Ma) to Early Miocene (~20 Ma) time are interpreted as the sequential leading edges of an evolving Cordilleran magmatic arc sustained by subduction of the Vancouver and Farallon plates at the continental margin:
1. Plate reconstructions indicate that subduction was continuous along the continental margin throughout that time interval , and the Rhodes and Hyndman, 1984; Harms and Price, 1992; Doughty and Price, 1999, 2000 Pv Pozo Verde S25W Goodwin and Haxel, 1990; Nourse et al., 1994 Rr Raft River N80E Wells, 1997 Wells, , 2001 real question is not whether inland magmatism was related to subduction, but how. 2. Apart from foreland alkalic igneous centers (Christiansen and Yeats, 1992) , even the most inland polymodal volcanic suites, notably the San Juan volcanic field ( Fig. 5 ), petrologically resemble analogous interior Andean suites of modern-day South America (Lipman, 1992) .
3. The polymodal volcanic assemblages of the Basin and Range province extend along regional tectonic strike into contiguous and coeval igneous assemblages of closely similar petrologic character lying closer to the active continental margins of British Columbia and Mexico (Figs. 4 and 5 [foldout maps following p. 12]).
Migration of the volcanic fronts can be ascribed to prograde advance (toward the trench) of the locus of arc activity as slab rollback progressively shifted the sites of subterranean generation of arc magmas within the intermountain mantle. The southwesterly sweep of the volcanic front across the region northwest of the Colorado Plateau ( Fig. 4) , coupled with the somewhat later northwesterly sweep of the volcanic front across the region southeast of the FIG. 2. Areal variation in timing (brackets) of tectonic denudation of selected core complexes (data from Table 2 ). Epoch boundaries after Berggren et al. (1995) , except age for Oligocene-Miocene boundary averaged with Shackleton et al. (2000) . Abbreviations: ECSZ = Eastern California shear zone (Dokka and Travis, 1990) ; SRP = Snake River Plain.
Colorado Plateau (Fig. 5 ), can be ascribed to the progressive foundering of a Laramide slab previously subducted subhorizontally beneath the Cordillera (Dickinson and Snyder, 1978) . The net effect can be viewed as the rolling downward and inward of two wings of the sinking slab toward a central focus (Humphreys, 1995) , identifiable as the amagmatic corridor Wernicke, 1992; Jones et al., 1992) of southern Nevada (Fig. 5 ).
Flat Laramide subduction was achieved earlier in the northern Cordillera of the Pacific Northwest than in the southern Cordillera of the Desert Southwest and northern Mexico (Dickinson and Snyder, 1978) , where landward-migrating Laramide magmatism and deformation were still under way after slab rollback had already begun in the northern Cordillera ( Fig. 4) . As a consequence, Laramide deformation and basin formation had ended, and been succeeded by arc magmatism and extensional deformation, north of central Wyoming by ~50 Ma, whereas Laramide deformation and basin formation continued until ~35 Ma, near the Eocene-Oligocene boundary, farther south in Colorado and New Mexico (Dickinson et al., 1988; Cather, 1990) . Farther northward along the continental margin of Canada, the Queen Charlotte transform fault system had replaced a pre-existing Paleogene trench by ~40 Ma (Hyndman and Hamilton, 1991, 1993) , and widespread slab-window volcanism was under way in the Queen Charlotte Islands during the interval 25-20 Ma near the Oligocene-Miocene boundary (Hamilton and Dostal, 2001) .
Mid-Cenozoic Tectono-Magmatic Relations Pacific Northwest and Great Basin
The initiation of core-complex superextension within the Pacific Northwest and Great Basin clusters of core complexes was diachronous ( Fig. 2) , closely preceded by southward migration of the Cordilleran volcanic front from near the Canadian border down through the Great Basin (Fig. 4 ). For two reasons, it is moot whether the extensional tectonism is best described as intra-arc or backarc: (1) arc magmatism was spread at every stage of arc migration for some distance behind the migratory volcanic front; (2) for magmatic arcs generally, intraarc and backarc extension stem from essentially the same geodynamic impulses fostered by slab rollback. Backarc magmatism elsewhere in the world commonly succeeds arc magmatism in a seamless evolutionary sequence. Deciding whether to denote any particular phase of migratory intermountain magmatism as arc or backarc in character will require petrologic analysis of eruptive suites within successive narrow time frames, amounting in essence to eventual appraisal of magmatic evolution in terms of a continuous spectrum of igneous activity. For the present, the best option is description of lithospheric extension associated with arc migration simply as arc-related, with the implication of coeval subduction along the continental margin, but without specifying the successive positions of extensional loci with respect to the migrating central axis of arc magmatism.
From Montana southward through eastern Nevada, the NW-SE direction of extension (mean azimuth N65W-S65E; n = 7) for core complexes (Bi-Pi-Ab-Gc-Ru-Kn-Sn of Table 1 ) lay at right angles to the trend of the migratory magmatic front ( Fig. 4) . There are two possible rationales, not mutually exclusive, for this seemingly anomalous behavior: (1) extension occurred preferentially at right angles to a welt of overthickened crust along the Sevier orogen once compressive tectonic stresses were relieved; (2) each successive increment of the subducted slab foundering into the mantle rolled back toward the northwest, at a right angle to the continental margin, in which case the southwardmigrating volcanic fronts reflect the successive FIG. 3. Eocene-Oligocene evolution of Pacific/Farallon-Vancouver spreading system with respect to Cordilleran continental margin adapted after Stock and Molnar (1988) , using geomagnetic polarity timescale of Cande and Kent (1995) . Double lines are oceanic spreading ridges and connecting single lines are oceanic transforms; shaded oval is uncertainty in position of indicated ridge-transform intersection at continental margin. Abbreviations: BC = Baja California; GC = Gulf of California; F = Farallon plate; K = Kula plate; MFZ = Mendocino fracture zone; P = Pacific plate; P/F = Pacific/Farallon ridge (plate boundary); P/V ridge = Pacific/Vancouver plate boundary; QCI = Queen Charlotte Islands; QCT = Queen Charlotte transform; TTJ = Tofino triple junction; VI = Vancouver Island. positions of a developing flexure in the subducted slab (Lipman, 1980) , and not the actual direction of slab rollback. Geodynamic effects of slab rollback on intermountain lithosphere are difficult to infer with confidence because subterranean rollback can be expected to break contact between the foundering oceanic slab and overlying continental lithosphere. Consequently, transfer of extensional stesses induced by slab rollback to the intermountain lithosphere would seemingly require mediation by flow within the mantle wedge above the subducted slab. Flexure of the foundering slab may have been accompanied by local subterranean tear faulting in the subducted slab, but no such behavior is required by presently known patterns of migratory arc magmatism.
It is also difficult to separate with confidence episodes of Paleogene normal faulting associated with local volcano-tectonic collapse of eruptive edifices, to form calderas and related structures, from normal faulting related to subregional extension apart from the structural evolution of individual volcanic fields (Janecke and Snee, 1993) . Previous analysis has identified, however, a belt of arcrelated mid-Cenozoic (Eocene-Oligocene) extension (EOEB of Fig. 4 ) broader than any narrow belt associated directly with local core complexes, and more long-lived than any local expression of migratory volcanism (Janecke, 1992; Sears and Fritz, 1998; Taylor and Switzer, 2001) . In Idaho and southwestern Montana (Janecke, 1994; Constenius, 1996) , extensional basins began to develop in Middle Eocene time (48-46 Ma), but not until Late Eocene time (36-34 Ma) south of the Snake River Plain (Satarugsa and Johnson, 2000) . This diachroneity in basin initiation is in harmony with the southward sweep of arc magmatism, although basin subsidence and filling continued while the region evolved from an intra-arc to a backarc position. The Eocene-Oligocene extensional belt can be viewed as an early phase of extension within the Numic subtaphrogen, but was confined to only part of the latter and projected northward to include a nearly coeval counterpart that extended into northwestern Montana outside the Basin and Range province as usually defined.
In northwestern Montana, north of the Late Cretaceous (Wallace et al., 1990) Lewis and Clark fault zone (Fig. 4) , the Kisenehn-Flathead-Mission-Swan complex of Eocene extensional basins (Constenius, 1996) , superimposed on the Alberta-Montana thrust belt (Fig. 1) , developed entirely in a backarc posi-tion as a northward-projecting prong of extensional deformation. In both Idaho-Montana and Nevada, basin sedimentation continued through Oligocene time (Axen et al., 1993; Janecke, 1994; Constenius, 1996) , but especially for Idaho-Montana (Fields et al., 1985; Janecke, 1992; Sears and Fritz, 1998; Stewart, 1998) it is clear that active Paleogene extension was separated in time, by ~10 million years, from later Neogene extension related to development of the broader Numic subtaphrogen beginning in Early Miocene time. Near the southern end of the Eocene-Oligocene extensional belt ( Fig.  4) , crustal extension during the interval 36-25 Ma in the Death Valley region was limited in magnitude (Snow and Lux, 1999; Snow and Wernicke, 2000) , but extended anomalously beyond the coeval magmatic front, which still lay farther north at the time (Axen et al., 1993) .
Desert Southwest
Southwest of the Colorado Plateau, the tectonic denudation of core complexes was delayed until Late Oligocene into Early and Middle Miocene time (Fig. 2) , mainly over the interval 28-14 Ma, during and after migration of arc magmatism back through the region from Laramide igneous centers farther east ( Fig. 5 ). During the same time frame, core complexes in the region north of the present Snake River Plain were long extinct, and those in the Great Basin to the south were largely dormant (Table 2, Fig. 5 ). A linear group of closely spaced and structurally related core complexes occupying the Colorado River extensional corridor and adjacent southwestern Arizona (Sa-Ch-Wh-Br-Hu-Ha-Wt-So of Table  1) , with vergence to the northeast, records extraction of deep crust toward the southwest (mean extension direction N55E-S55W; n = 8) from beneath the Transition Zone flanking the Colorado Plateau Reynolds, 1989a, 1991; Spencer et al., 2001) . Prior to tectonic denudation by lateral transfer of deep crust, a highstanding Laramide welt of overthickened crust had occupied a broad belt along and parallel to the Transition Zone (Dickinson, 1991; Spencer and Reynolds, 1989a; Spencer et al., 2001) . Farther southeast, both vergences and extension directions within the Desert Southwest cluster of core complexes are unsystematic, but the large Catalina-Rincon (Cr) core complex and its satellites (Pc, To) record a similar azimuth of extension (N60E-S60W). Southward into Sonora from the Catalina-Rincon core complex, the dominant azimuths of extension swing progressively from N15E-S15W to N70E-S70W (Table 1 , Fig. 5 ).
With the exception of a few core complexes in southernmost Arizona displaying anomalous extension directions oriented more northerly, core complexes in the Desert Southwest cluster record extension normal to the edge of the continental block, in harmony with expectation from slab rollback toward the subduction zone along the continental margin. Although the Pacific/Farallon-Vancouver spreading system had impinged upon the continental margin by ~28.5 Ma (Figs. 3 and 4), microplates (Monterey, Arguello) that were spawned at ~27.5 Ma by the ridge-trench encounter continued to subduct until a remnant of the Monterey plate was captured by the Pacific plate at ~17.5 Ma (Atwater and Stock, 1998) . As for the Great Basin earlier, however, the inferred direction of slab rollback was approximately at right angles to the migration of arc magmatism, which prograded from southeast to northwest in the area southwest of the Colorado Plateau (Fig. 5 ). Presumed flexure of the subducted slab is again indicated, as tectonic denudation was initiated somewhat earlier in core complexes to the southeast than in those to the northwest (Fig. 2) .
Gradual development of a slab window and consequent slab-window volcanism (Dickinson, 1997) over an area adjacent to the arena of microplate evolution and capture near the coast (Fig. 5 ) may have enhanced any tendency for slab rollback farther inland by disrupting the subterranean continuity of a subducted slab. Confident distinction between the igneous products of incipient slab-window and waning-arc magmatism in the region near the western end of the belt of core complexes lying parallel to the Transition Zone ( Fig. 5 ) awaits more detailed petrologic analysis, much as does the distinction between intra-arc and backarc magmatism in the Great Basin farther north. Tectonic denudation clearly began, however, within the Desert Southwest core-complex cluster at a time (28 Ma) when an incipient slab window had only just begun to expand far to the west near the coast. By the time the slab window had expanded to a size potentially influential for tectono-magmatic evolution farther inland, core-complex denudation was in its waning stages, nor did a slab window ever underlie more than a marginal portion of the Desert Southwest cluster of core complexes during the time frame of detachment faulting. These considerations imply that slab rollback, rather than gradual expansion of a slab win-dow, was the governing influence throughout the inland tectonic denudation.
As for the earlier arc-related Eocene-Oigocene extensional belt in the Great Basin and northward, a wider arc-related Oligocene-Miocene extensional belt (Fig. 5) extended well beyond the extent of the Desert Southwest cluster of core complexes (Spencer and Reynolds, 1989a; Spencer et al., 1995) , and included a projection into southern Sonora well beyond the southernmost known core complexes (Gans, 1997) . The Oligocene-Miocene extensional belt (OMEB of Fig. 5 ) can be viewed geographically as an early phase of extension within the Piman subtaphrogen, but was more restricted in areal extent ( Figs. 1 and 5) .
Backarc Rio Grande rift
Post-mid-Miocene development of deep, narrow grabens and half-grabens along the Rio Grande rift was contemporaneous with evolution of the Piman subtaphrogen, of which the modern Rio Grande rift is a northern extension. An earlier phase of Late Oligocene to Early Miocene extensional faulting formed broader and shallower basins as precursors to the younger rift trend (Baldridge et al., 1995) . The earlier deformation was backarc in tectonic setting (Elston and Bornhorst, 1979) , and accompanied by syntectonic eruption of a basaltic andesite eruptive suite (Baldridge et al., 1991) . Initial extension has been bracketed previously within the interval 30-24 Ma (Chapin, 1988; Chapin and Cather, 1994; Brister and Gries, 1994) , but may have been delayed until ~21 Ma (Ingersoll, 2001) . The resulting basins were undisrupted by geographically more concentrated rifting until after mid-Miocene time (Ingersoll et al., 1990) . A lull or marked reduction in magmatism during the interval 20-14 Ma (Morgan et al., 1986) intervened between early backarc extension ( Fig. 5 ) and the evolution of faulted basins linked to development of the broader Piman subtaphrogen. Rift-flank Jemez volcanism initiated at ~13 Ma (Ingersoll et al., 1990) heralded the onset of modern Rio Grande rifting associated regionally with evolution of the Piman subtaphrogen rather than with backarc extension.
Backarc mid-Cenozoic Rio Grande rifting extended southward along the Texas-Chihuahua border belt (Henry et al., 1983; Henry and Price, 1986) as far as the Big Bend region of Texas where there was a transition from intra-arc to backarc magmatism within the Trans-Pecos volcanic field at ~30 Ma (Price and Henry, 1984; James and Henry, 1991; Henry et al., 1991) . Backarc basins generated along the border belt by limited and local crustal extension formed during the interval 24-18 Ma, but major extensional deformation within the Texas-Chihuahua border region was delayed until 12-10 Ma (Stevens and Stevens, 1985; Dickerson and Muehlberger, 1994) , when the Piman subtaphrogen extended laterally eastward into the continental block from the flank of the Gulf of California. Over a wide region between the Texas-Chihuahua border belt (Fig. 5 ) and the Sierra Madre Occidental (Fig.  1) , Oligocene-Miocene (28-20 Ma) basaltic andesites of the southern Cordilleran basaltic andesite (SCORBA) suite (Cameron et al., 1989) were erupted in an arc-rear or backarc environment of incipient crustal extension. Diffuse backarc extension flanking the inland side of the Sierra Madre Occidental was associated with arc-rear volcanism during the interval 24-18 Ma (Henry and Price, 1986; Aguirre-Díaz and McDowell, 1993) , but more widespread bimodal volcanic suites in basins near the Sierra Madre Occidental are dominantly ~12 Ma or younger (Henry and Aranda-Gomez, 1992; McDowell et al., 1997) .
Core Complex Analogies
Although every tectonic regime is unique, contingent upon past geologic history in specific regional context and with no exact counterparts anywhere in the world, none lacks generic analogues. Seeking analogies for mid-Cenozoic tectonic denudation of core complexes in the Basin and Range taphrogen draws attention to other places in the world where Cenozoic core complexes have been described; namely, on islands of the Aegean Sea (Lister et al., 1984) and the Solomon Sea (Ollier and Pain, 1980; Davies and Warren, 1988) . In both those areas, continental crust has been ripped apart by extension associated with slab rollback beneath active or dormant magmatic arcs (Fig. 6 ). Cenozoic gneiss domes of southern Tibet (Chen et al., 1990; Lee et al., 2000) are not strictly analogous because continued crustal thickening and orogenic uplift, rather than extension of the full lithosphere, accompanied their tectonic denudation.
Aegean Sea
Post-mid-Miocene core complexes of the Cyclades Islands, and tracts of mainland Greece and Turkey along tectonic strike, developed within and behind the migratory Aegean volcanic arc drawn southward by slab rollback at the Hellenic trench (Fig. 6B) . The overall dimensions of the Aegean system are similar to those of the Desert Southwest cluster of Basin and Range core complexes (Fig.  6A) , although the main belt of tectonic denudation is centered only 250-350 km from the Hellenic trench in the Aegean case but 400-500 km from the restored Cordilleran trench in the Desert Southwest case. The discrepancy in spacing would be less, however, if full palinspastic reconstuction of the Gulf of California extensional province were taken into account for the comparison. As for Basin and Range superextension, Cyclades superextension occurred during a complex history of crustal extension of varied style within a composite Aegean taphrogen (Dewey and Sengör, 1979) . Figure 6B , highlighting the Cyclades core complexes, does not depict partly older core complexes in the northern Aegean region (Dinter and Royden, 1993; Dinter et al., 1995; Dinter, 1998; Burchfiel et al., 2000; Okay and Satir, 2000) , nor the Cretan forearc detachment system south of the Cyclades (Jolivet et al., 1996; Ring et al., 2001) , nor multiple grabens and halfgrabens of diverse origins that are widepread within and adjacent to the Aegean Sea (Rotstein, 1985; Roberts and Ganas, 2000; Yilmaz et al., 2000) .
Solomon Sea
Pliocene-Quaternary (Baldwin et al., 1993) core complexes in the D'Entrecasteaux Islands off the Papuan Peninsula of New Guinea along the southwestern edge of the Solomon Sea lie ~200 km southwest of a subduction zone at the Trobriand Trough (Fig. 6C) , where slab rollback can be inferred from subregional tectonic relations. To avoid depicting the Solomon Sea in an unfamiliar way geographically, Figure 6C is shown with north up, and slab rollback down to the south (opposite graphically to the direction of slab rollback for Figs. 6A and 6B) . Reflection profiles across the Trobriand Trough display all the bathymetric and structural features characteristic of subduction zones (Davies et al., 1984 Lock et al., 1987; Galewsky and Silver, 1997) , and a forearc basin of typical configuration is present beneath the Trobriand Platform (Fig. 6C ) between the Trobriand Trough and the D'Entrecasteaux Islands (Davies et al., 1984; Honza et al., 1987) . Limited mantle seismicity confirms the presence of a south-dipping subducted slab beneath the western end of the Trobriand Platform and the Papuan Peninsula (Cooper and Taylor, 1987) . Post-Miocene (as well as Miocene) andesitic volcanic suites of the Papuan Peninsula and nearby offshore islands define a belt of arc magmatism paired with the subduction zone of the Trobriand Trough (Hamilton, 1979) . The record of arc volcanism is preserved in upper plates of the D'Entrecasteaux core complexes (Fig. 6C) .
The north-facing (subduction down to the south) Trobriand Trough was the dominant subduction zone within the region during Miocene time (Honza et al., 1987) , prior to the close approach of the S-facing New Britain-Solomon Islands arc-trench system toward the New Guinea continental margin. The current dominance of S-facing (downward to the north) subduction at the linked New Britain and San Cristobal trenches bounding the New Britain and Solomon island arcs, respectively, has probably slowed subduction along the Trobriand Trough, and thus encouraged slab rollback. East of the D'Entrecasteaux Islands, arc rifting by the oceanic spreading system of the Woodlark Basin (Weissel et al., 1982) has separated an eastern extension (Woodlark Rise) of the Trobriand Platform, as a frontal arc, from a remnant arc structure represented by the submerged eastern extension (Pocklington Rise) of the Papuan Peninsula (Fig. 6C) .
The western tip of the Woodlark Basin spreading system is propagating along strike into continental crust at the D'Entrecasteaux Islands (Benes et al., 1994; Mutter et al., 1996) , where crustal extension recorded by the core complexes represents an early phase of continental breakup. With the onset of continental rifting, peralkaline comenditic volcanism has succeeded arc volcanism within the D'Entrecasteaux Islands (Smith, 1976 (Smith, , 1982 Smith et al., 1977; Smith and Johnson, 1981; Smith and Compston, 1982) . Both seismic reflection images and earthquake source parameters confirm the existence of active low-angle normal faults, compatible with tectonic denudation of core-complex style, beneath shallow seafloor near exposed D'Entrecasteaux core complexes (Abers, 1991; Abers et al., 1997; Floyd et al., 2001) .
The longitudinal transition, from seafloor volcanism along the Woodlark Basin spreading system, through alkalic volcanism within the D'Entrecasteaux Islands, to continuing arc volcanism farther west on the Papuan Peninsula, with historic eruptions at Mount Lamington and Mount Victory (Fig.  6C) , shows that the Woodlark Basin spreading system and the D'Entrecasteaux locus of intracontinental extension have evolved as a propagating intra-arc rift. The rapid rise of continental crust within the currently active core complexes has apparently been enhanced, however, by an intracrustal density inversion produced by Paleogene overthrusting of an ophiolitic slab above continental basement (Martínez et al., 2001) . Detachment-related mid-Pliocene gold-silver mineralization at Misima Island (Appleby et al., 1996) on the Pocklington Rise remnant arc suggests that subsided remnants of pre-D'Entrecasteaux core complexes may be present at intervals along the rifted edges of the frontal and remnant arcs flanking the Woodlark Basin (Fig. 6C) .
Summary
Lithospheric extension alone is insufficient to cause the style of crustal extension that forms the tectonically denuded midcrust we term a metamorphic core complex. For example, the crust needs to be thick enough to permit flowage of mechanically weak deep crust (Block and Royden, 1990; Spencer and Reynolds, 1991; Wernicke, 1992; MacCready et al., 1997) . Appropriate crustal rheology probably does not exist beneath intra-oceanic arc systems (Mariana, Tonga, Vanuatu) undergoing extension, and most modern continental-margin arc systems (Andes, Alaska, Sumatra-Java) have not experienced Cenozoic slab rollback at the rates needed to induce extensional tectonism on a regional scale. The examples of the Aegean Sea, Solomon Sea, and Cordilleran systems suggest, however, that slab rollback beneath thick continental crust may be the key trigger leading to tectonic denudation of typical core complexes associated with taphrogenic extension of lithosphere. Westaway (1999) has discussed possible ways in which isostatic responses to changes in the geometry of subducting slabs during rollback can promote the requisite shear failure along normal faults with shallow dips. Structurally similar features within the still-evolving Himalayan-Tibetan orogen are not associated, however, with slab rollback, nor with lithospheric extension except at high structural levels.
Pacific Northwest Transrotation
The northwesternmost corner of the Basin and Range province extends into a region affected by transrotational Paleogene tectonism involving clockwise rotation of elongate crustal blocks now forming the PNW Coast Range and the Blue Mountains. Robust evidence for clockwise (dextral) tectonic rotations about vertical axes derives from multiple paleomagnetic studies along the coastal fringe of Oregon and southwestern Washington (Grommé et al., 1986; Wells and Heller, 1988; Wells, 1989 Wells, , 1990 , and recent paleomagnetic results from the region are generally congruent with the long-established pattern of rotations (Hagstrum et al., 1989; Prothero and Hankins, 2000) .
Some of the tectonic rotation near the coast can be attributed to Neogene continuum deformation imposed on the Pacific Northwest by oblique (dextral) convergence of the Juan de Fuca plate at the Cascadia subduction zone since the reorientation of seafloor magnetic anomalies offshore recorded a change in relative plate motions at the chron 5 anomaly (~10 Ma) in Late Miocene time (Dickinson, 1997) . Areal analysis of tectonic rotations recorded by Middle Miocene Columbia River basalt flows (15-12 Ma) indicates that 20°-25° of tectonic rotations recorded by older strata of the PNW Coast Range can be attributed to this Neogene continuum deformation (Wells, 1989; England and Wells, 1991) . The shape of the Pacific Northwest has thereby been distorted without rearranging its internal crustal blocks. Westerly to northwesterly trending folds in basalts of the Columbia River Plateau north of the Blue Mountains (Barrash et al., 1983) record an integral facet of the map-view simple shear or torsion that post-mid-Miocene continuum tectonism has imposed on the Pacific Northwest (Fig. 1) .
Subtraction of the Neogene rotation from rotations recorded by Paleogene (56-38 Ma) rocks of the PNW Coast Range leaves a residual (pre-Neogene) rotation of approximately 50° (Heller et al., 1987) not accounted for by post-10 Ma continuum deformation. The continuity and consistency of Paleogene depositional systems and paleocurrent trends within an uplifted and eroded forearc basin, exposed along the length of the PNW Coast Range from FIG. 6. (continued) B. Hellenic trench system adapted after Mascle et al. (1982) ; Aegean arc volcanoes from Angelier (1977) and Huijsmans et al. (1988) with mid-Miocene volcanic front after Fytikas et al. (1984) ; core-complex vergence from Buick (1991) , Faure et al. (1991) , Lee and Lister (1992) , Gautier and Brun (1994) , Hetzel et al. (1995) , Walcott and White (1998) , Jolivet and Patriat (1999) , and Avigad et al. (2001) . Abbreviations: A = Athens; I = Istanbul; NAF = North Anatolian fault. C. Trobriand Trough subduction zone (Kiriwina Trench of Ollier and Pain, 1980) after Davies et al. (1984 Davies et al. ( , 1987 , Honza et al. (1987) , and Lock et al. (1987) ; core-complex vergence after Hill et al. (1992) ; Woodlark Basin spreading system (WBSS) after Taylor et al. (1995) and Martínez et al. (1999) ; Papuan arc volcanoes (onshore and offshore) from Smith and Compston (1982) , and Smith and Milsom (1984) southwestern Oregon into southwesternmost Washington, implies bulk rotation of an elongate crustal sliver moving clockwise as an intact lever with respect to the interior of the continental block (Heller and Ryberg, 1983; Heller et al., 1987) . The northern end of the rotating lever apparently lay just south of the Olympic Peninsula, for Paleogene strata of the Olympic Mountains (Figs. 1 and 4) do not display anomalous paleomagnetic declinations (Warnock et al., 1993) .
Back-rotation of the PNW Coast Range to recover the indicated 50° of clockwise rotation would place its southern end in a position now occupied by pre-Tertiary rocks forming the southwestern end of the Blue Mountains unless the latter crustal element is restored out of the way (Fig. 4) . Paleomagnetic data from the Blue Mountains indicate that Jurassic plutons have rotated clockwise by approximately 50° since their emplacement (Wilson and Cox, 1980) . If this rotation is assumed to have occurred simultaneously with rotation of the PNW Coast Range, an integrated transrotational pattern emerges, with the crustal levers of the PNW Coast Range and the Blue Mountains rotating clockwise past one another (Fig. 4) .
Klamath and Sierra Nevada blocks
Because the southern end of the Paleogene forearc basin in the PNW Coast Range onlaps depositionally upon the Klamath block, the latter must be restored eastward when the PNW Coast Range is back-rotated, but the pre-rotation position and orientation of the Klamath block are uncertain. Tentative restoration (Fig. 4) is achieved by assuming a flexible connector, akin to a knee joint, between the PNW Coast Range and the Klamath block, allowing the latter to translate seaward without internal rotation from an initial position adjacent to the Blue Mountains near the beginning of Eocene time. The initial positions assumed for the Blue Mountains and Klamath block are here adjusted to align the central mélange belts that traverse both, but the tightness of initial fit between them is unknown.
Close affinities between pre-Cenozoic bedrock of the Klamath and Sierra Nevada blocks dictate that the latter also be restored eastward to recover its Paleogene position prior to Neogene extension within the Great Basin. Defining its Paleogene position and the Neogene history of its subsequent motion depend upon quantitative estimates of crustal extension through time within the Great Basin (Hamilton and Myers, 1966; Wernicke et al., 1988; Dickinson and Wernicke, 1997) . The best current estimate for net Neogene displacement of the Sierra Nevada block is 290 ± 15 km to N75W (Snow and Wernicke, 2000) . Restoration of the Sierra Nevada block by 290 km to S75E, coupled with restoration of ~5° of clockwise rotation (after Magill and Cox, 1980) , aligns its key tectonic elements with counterparts in the restored Klamath block. The current spacing of 75 km between the two blocks is maintained if the Klamath block is restored southward to recover 110 km (see below) of Fraser River−Straight Creek fault slip (Fig. 2) , on the assumption that the Fraser River−Straight Creek fault system near the USA-Canadian border rooted within the transrotational region north of the Sierra Nevada block. The inferred Paleogene position of the Sierra Nevada block also satisfactorily aligns the Mesozoic Sierra Nevada and Peninsular Range batholiths (Fig. 4) .
Rotation of the Blue Mountains, and accompanying translation of the Klamath block, clearly preceded Middle Miocene (17-14 Ma) eruption of the Columbia River basalts that passively onlap the Blue Mountains, whereas inferred translation of the Sierra Nevada block by ~290 km largely postdated 18-16 Ma (Snow and Wernicke, 2000) . This apparently dichotomous behavior implies decoupling of the Klamath and Sierra Nevada blocks during early phases of Cenozoic taphrogeny, but closely similar tectonic trends aligned between the two blocks, with only minor oroclinal flexure near their juncture, seemingly refute any significant post-Mesozoic decoupling. The nature of this paradox indicates that my analysis of Cenozoic taphrogeny in the northwestern Basin and Range province is flawed in some as yet unknown respect.
There is also an awkward apparent overlap between the southern end of the restored Sierra Nevada block and the Mojave block, lying to the south across the Garlock fault, which has accommodated ~60 km of post-12 Ma sinistral slip (Stewart, 1998; Snow and Wernicke, 2000) . Much of the spatial mismatch (~85 km) can be reconciled, however, by restoring clockwise rotation of the eastern Transverse Ranges (Dickinson, 1996) , to pull the Mojave block southward by the net amount of dextral slip (~65 km) along and within the Eastern California shear zone, or ECSZ (Stewart, 1998; Snow and Wernicke, 2000) .
Eocene transtensional deformation
In central Oregon near the Blue Mountains, the middle to upper Eocene Clarno Formation (46-34 Ma) has rotated only 16° since eruption (Grommé et al., 1986) . This observation, coupled with the older age range (58-48 Ma) of the most strongly rotated Paleogene strata in the PNW Coast Range (Heller et al., 1987) , suggests that the spatially coordinated clockwise rotations of the PNW Coast Range and Blue Mountains occurred largely before mid-Oligocene time, and dominantly during Eocene time. Eocene tectonic denudation of core complexes to the north and east imply that transrotation near the forearc edge of the continental block in the Pacific Northwest was linked with crustal extension farther inland.
Eocene (Johnson, 1985) strike slip of 110 km (Kleinspehn, 1985) along the Fraser River-Straight
Creek fault system of northwestern Washington and southwestern British Columbia during the interval 54-36 Ma (Evans, 1994; Evans and Ristow, 1994) was apparently coeval with clockwise (dextral) rotation of the Blue Mountains. The fault trace was locally obliterated at the international border by intrusion of the Late Oligocene (29-26 Ma) Chilliwack batholith (Richards and McTaggart, 1976) , which places a temporal lid on the timing of strike slip. If the length of the Blue Mountains rotating crustal lever is estimated as 360 km, the kinematics of crustal transrotation (Dickinson, 1996) indicate that 215 km of distributed Paleogene dextral shear, parallel to the continental margin and the Fraser River−Straight Creek fault trend, was transmitted into the region lying north of the Blue Mountains. If the dextral strike slip of 110 km concentrated along the Fraser River−Straight Creek fault system is subtracted from the total indicated shear, the net distributed shear inferred between fault-bounded panels within the interior of British Columbia is 105 km. From the geometry of the transrotational system, this margin-parallel dextral shear was part of a transtensional regime that also extended the region north of the Blue Mountains by 215 km normal to the continental margin (Dickinson, 1996) . The vector mean (N85W-S85E) of the extension direction defined by core-complex vergence in Washington and British Columbia (n = 8 from Table 1 ) is normal to the Fraser River−Straight Creek fault trend, as expected if the tectonic denudation of core complexes contributed to the widening of crustal panels lying between multiple shear zones.
Possible effects of Eocene transrotational tectonism on crust lying immediately to the north of the Blue Mountains cannot be discerned because Miocene volcanic cover of the Columbia River Plateau, which is unbroken by extensional or other significant faulting, masks underlying substratum for a distance of 300-400 km (Fig. 1) . Crustal relations at depth within the Southeast Oregon Plateau segment of the Basin and Range province south of the Blue Mountains are also wholly masked by Miocene and younger lavas and tuffs. Basin-range faults breaking this Neogene volcanic cover provide no information on subjacent Paleogene structural relations within the region that lay in the wake of the rotated Blue Mountains and PNW Coast Range−Klamath block crustal levers.
Contrasting Numic-Piman Extension Directions
As noted previously, directions of net extension were markedly different during the tectonic denudation of Cordilleran metamorphic core complexes located within the areas of the Numic and Piman subtaphrogens. The strong contrast in the dominant direction of crustal extension persisted almost unchanged during later widespread block faulting, initiated near the end of Early Miocene time (~17.5 Ma) within the Numic subtaphrogen and near the end of Middle Miocene time (~12.5 Ma) within the Piman subtaphrogen.
Local directions of crustal extension within postmid-Miocene block-faulted domains of the two subtaphrogens can be inferred from the orientations of accommodation zones or transfer zones separating different tilt domains along strike (Stewart, 1980 (Stewart, , 1998 Faulds and Vargas, 1998) . Accommodationtransfer zones strike across arrays of tilted fault blocks, separating domains with opposed tilts, and lie parallel to vectors of fault displacement.
In the Great Basin segment of the Numic subtaphrogen, the mean orientation of accommodationtransfer zones (Stewart et al., 1998) is N65W (n = 14; range N45W to N85W), parallel to the mean orientation of mylonitic lineation within the Great Basin cluster of core complexes. In the Gulf extensional province of the Piman subtaphrogen flanking the Gulf of California, the mean orientation of accommodation-transfer zones (Stewart et al., 1998) is N60E (n = 14, range N50E to N70E). This direction is subparallel to the mean direction (N55E) of mylonitic lineations and detachment corrugations in the main belt of Desert Southwest core complexes (n = 16, ignoring four near the Arizona-Sonora border with anomalous directions of extension). The Desert Southwest cluster of core complexes lies partly within the Piman subtaphrogen and partly within the adjacent transtaphrogen bridge.
The persistent divergence in Cenozoic extension directions for regions lying northwest and southwest of the unextended Colorado Plateau implies a component of north-south crustal extension within a triangular ("pie-shaped") domain of uncertain dimensions lying west of the westernmost projection of the Colorado Plateau (Fig. 1) . This north-south extension is unrecorded by any mapped structures, and unexplained by extant geotectonic interpretations. Analysis of tilt domains in Arizona and adjacent California-Nevada (Spencer and Reynolds, 1989a; Richard, 1994) indicates that the strikes of tilted fault blocks swing smoothly around the projection of the Colorado Plateau, subparallel to the plateau margin. In harmony with the swing in fault trends, orientations of accommodation-transfer zones, lying approximately normal to the tilt-block strikes, fan progressively from northeasterly trends south of the Colorado Plateau to approximately E-W trends near the westernmost projection of the Colorado Plateau. In detail, the orientations of accommodation-transfer zones within the Great Basin segment of the Numic subtaphrogen farther north swing from a mean of N75W (n = 5) in southern Nevada to a mean of N60W (n = 9) in northern Nevada (Stewart et al., 1998) . These relationships suggest that the regional divergence in extension direction occurred over such a broad transitional region that the requisite north-south extension may have been accomplished by widely distributed continuum deformation without the formation of discrete structures reflective of local north-south extension.
Numic Subtaphrogen
The late Early Miocene demise of the offshore Monterey and Arguello microplates (Atwater and Stock, 1998) , which had served as buffers between the Pacific and North American plates, allowed an incipient San Andreas transform between those two large plates to become active for the first time at 17.5 Ma, initially along approximately 800 km of the continental margin (Fig. 7) . Almost immediately thereafter, significant tectono-magmatic responses were induced farther inland, presumably in response to dextral shear imparted to the continental block by the newly coupled plate interaction along the coast (Christiansen and McKee, 1978) . As the Numic subtaphrogen then lay almost entirely behind the ancestral Cascades volcanic arc (Fig. 7) , continued slab rollback may have induced a component of backarc extension as well, as suggested by reactivation of the detachment faults bounding core complexes of the Great Basin cluster (Fig. 2) . Continued slab rollback is problematical, however, because migration of the Cordilleran magmatic arc was essentially complete west of the Great Basin before 17.5 Ma (Figs. 4-5) .
Extensional faulting
The most general result of San Andreas initiation was widespread onset of extensional tectonism throughout the Great Basin segment of the Numic subtaphrogen, where block faulting of modern style began to delineate still-existing basins and ranges by the interval 18-16 Ma near the end of Early Miocene time (Noble, 1972; McKee and Noble, 1986; Stockli et al., 2001) . Extension of the full lithosphere is implied by the petrologic nature of accompanying basaltic to bimodal volcanism, in limited volume but clearly reflecting the advective rise of mantle melts uninfluenced by active subduction (Scott et al., 1995; Calzia and Rämö, 2000) . Block faulting penetrated as far to the northeast as the Idaho-Montana segment of the Numic subtaphrogen by ~17 Ma (Burbank and Barnosky, 1990; Stewart, 1998) . Neogene deformation overprinted Paleogene extensional structures having the same structural trends in Idaho (Janecke, 1992) but different structural trends in southwestern Montana (Sears and Fritz, 1998) . North of the Lewis and Clark fault zone, Paleogene extension was not reactivated in Neogene time (Constenius, 1996) .
To the northwest, expansion of the Numic subtaphrogen into the transrotational domain of the Pacific Northwest and along the inland flank of the ancestral Cascades arc (Fig. 7) was delayed until late in Middle Miocene time, but by ~12 Ma block faulting had propagated into the Oregon Plateau segment of the taphrogen (Christiansen and Yeats, 1989; Stewart, 1998) . The northern edge of the Basin and Range taphrogen in central Oregon is delimited by a strike-slip transfer zone along the dextral Brothers fault zone (Lawrence, 1976) lying south of the Blue Mountains. Farther south, block faulting had also begun to delineate the ancestral Sierra Nevada front by ~12 Ma (Trexler et al., 2000; Henry and Perkins, 2001) , although the western edge of the Basin and Range taphrogen migrated still farther into the Sierra Nevada block after ~5 Ma (Wakabayashi and Sawyer, 2001) . As the Mendocino triple junction migrated northward, slab-window volcanism propagated along the edge of the continental block in coastal California (Dickinson, 1997) , and the southern end of the ancestral Cascades magmatic arc was progressively switched off west of the Great Basin (Figs. 7 and 8 [foldout maps following p. 20]).
Heterogeneity of extensional deformation within the Numic subtaphrogen is indicated by evidence in selected areas for domino-style deformation reflected by progressive tilting of superposed listric normal faults to successively lower dip angles (Proffett, 1977) , and by the reactivation of detachment systems bounding core complexes of the Great Basin cluster ( Table 2 , Fig. 7) . Renewed tectonic denudation of the Snake Range core complex, for example, has been timed by fission-track dating at 18-16 Ma , coincident with the subregional onset of block faulting in the Great Basin. In both the Ruby Range Snoke, 1993a, 1993b) and the Snake Range core complexes of eastern Nevada, Early Miocene to Middle Miocene tectonic denudation proceeded with the same dominant vergence, and took advantage of the same detachment systems, as earlier Oligocene tectonic denudation ( Figs. 5 and 7) . Farther north, however, near the Nevada-Utah-Idaho geographic juncture, Miocene tectonic denudation along the Raft River (Rr) detachment system involved opposite vergence and a somewhat altered azimuth of extension from the older Eocene Albion (Ab) and Grouse Creek (Gc) detachment systems bounding other contiguous segments of a composite core complex (Tables 1 and 2 ; Figs. 4 and 7) .
Major volcanism
In the Pacific Northwest, beyond the northern edge of the Basin and Range taphrogen, voluminous basaltic eruptions, issuing principally from three key dike swarms trending NNW-SSE within and near the Blue Mountains (Fig. 7) , inundated the region to the north with an estimated 175,000 km 3 of Columbia River Basalt. More than 99% of the lava forming the Columbia River Plateau was erupted during the interval 17.5-14.5 Ma (Tolan et al., 1989) , and 90% of it during the even briefer interval 16-15 Ma (Hooper et al., 2002) . During the interval 17-15 Ma (Hart and Carlson, 1985; Hart, 1987, 1988; Hooper et al., 2002) , similar lava of the Steens Basalt (~50,000 km 3 ) flooded much of the Southeast Oregon Plateau south of the Blue Mountains (Fig. 7) where younger volcanic cover obscures the full extent of flood basalt. Although the Columbia River Plateau occupies a region affected by transrotational Eocene tectonism, crustal extension during Miocene eruptions of flood basalt is estimated as <1% (Hooper and Conrey, 1989; Hooper, 1990 ), a figure that effectively precludes backarc extension as the trigger for flood-basalt volcanism. The flood-basalt event is commonly attributed instead to the abrupt impingement, on the base of the lithosphere, of a mantle plume head rising from great depths and presumed to be ancestral to the Yellowstone hotspot (Hooper et al., 2002) . Alternatively, shallower mantle perturbations, stemming from torsional shear of the North American lithosphere by the imposition of a transform boundary with the Pacific plate along the San Andreas trend, may have induced a short-lived plume to rise from the asthenosphere near the edge of cratonal crust (Dickinson, 1997) .
Farther south, the Yellowstone hotspot track was initiated at the McDermitt caldera (16 Ma) near the Oregon-Nevada border. If the hotspot track records the transit of North American lithosphere over a fixed mantle plume (Pierce and Morgan, 1992) , initiation of the plume at 16 Ma is indicated (Draper, 1991; Dickinson, 1997) . Although that time of initiation was coeval with the most voluminous Columbia River flood-basalt eruptions to the north, the lack of any overlap in 87 Sr/ 86 Sr ratios for Columbia River (0.7035-0.7055) and Snake River Plain (0.7060-0.7080) basalts indicates the two are not closely related, and unlikely to have been derived from the same mantle plume (Dickinson, 1997) . Two suggested alternatives to plume generation for the Yellowstone hotspot track are: (1) propagation of a wedge-shaped rift into the continental block (Hamilton, 1989) ; and (2) migration of convective rolls within the asthenosphere induced by the shear of overriding lithosphere moving parallel to the hotspot track in an absolute-motion framework (Humphreys et al., 2000) . Non-plume control for Snake River Plain volcanism is attractive because basaltic volcanism has continued along the full length of the Snake River Plain after migration of the locus of silicic volcanism from the McDermitt caldera to the Yellowstone Plateau (Armstrong et al., 1975) .
In either case, development of the Yellowstone hotspot track along the Snake River Plain (Figs. 1,  7, and 8 ) over the past 16 Ma coincided with the evolution of block faulting within the Numic sub-taphrogen, which extends north of the Snake River Plain without disrupting the crust of the plain itself. Longitudinal extension subparallel to the trend of the Snake River Plain was apparently achieved by dike emplacement beneath the Snake River Plain without development of the extensional faulting evident to the north and south (Parsons et al., 1998) . The initiation of block faulting in both the Idaho-Montana and Great Basin segments of the Numic subtaphrogen indicates, however, that extensional tectonism was underway across the path of the Yellowstone hotspot track (Fig. 1) before it had propagated along the Snake River Plain (Figs. 7 and 8) from its origin at the McDermitt caldera.
From the vicinity of the McDermitt caldera, and aligned with the trend of Columbia River dike swarms ~500 km to the north, voluminous and coeval mid-Miocene (17-14 Ma) magmatism extended southward deep into the central Great Basin (Fig. 7) along the Northern Nevada rift (Zoback et al., 1994) . To the north of the McDermitt caldera, the synvolcanic (15-13 Ma) Oregon-Idaho graben (Cummings et al., 2000) lies along trend with the Northern Nevada rift beyond the trace of the Yellowstone hotspot track, and may represent its northward continuation or counterpart (OIG of Fig. 7) . The orientation of the Northern Nevada rift at nearly a right angle to mylonitic lineation formed during coeval tectonic denudation of the Raft River (Rr) core complex (Tables 1 and 2) farther east (Fig. 7) implies that mid-Miocene extension within at least the northern part of the Great Basin segment of the Numic subtaphrogen was ENE-WSW (Zoback et al., 1981) , divergent from the overall net direction of WNW-ESE inferred for at least the southern part of the Great Basin (Snow and Wernicke, 2000) . The mean extension direction of N60W-S60E (n = 4) for Late Miocene (12-6 Ma) core complexes of the Walker Lane−ECSZ cluster (Table 2, Fig. 8 ) suggests that the overall post-16 Ma extension direction of N75W-S75E (Snow and Wernicke, 2000) may be a resultant of Early to Middle Miocene extension at N75E-S75W perpendicular to the Northern Nevada rift and Late Miocene (to Pliocene) extension at N60W-S60E subparallel to the Walker Lane and Eastern California shear zone (Fig. 11 of Snow and Wernicke, 2000) .
Mid-Miocene Columbia River, Steens, and Northern Nevada rift basaltic volcanism, and initiation of the Yellowstone hotspot track, clearly occurred in a backarc position with respect to the ancestral Cascades arc (Fig. 7) . Including basaltic lavas (~50,000 km 3 ) of the Chilcotin Group (10-6 Ma) in central British Columbia (Bevier, 1983a (Bevier, , 1983b , backarc basaltic suites were erupted in Miocene time along most of the distance of nearly 2000 km between the Tofino triple junction at the southern end of the Queen Charlotte transform and the Mendocino triple junction at the northern end of the evolving San Andreas transform (Fig. 7) . The geodynamic significance of their distribution remains uncertain, particularly because the local volume of basaltic eruptives seems inversely proportional to the amount of coeval backarc extension. The most voluminous eruptions fed the Columbia River lavas within the least extended ground, and the least voluminous eruptions occurred within the Great Basin where coeval and later extension was greatest. This pattern does not fit any simple concept of backarc spreading, yet some relation to backarc effects on the mantle seems assured. Also puzzling is the observation that the peak of the igneous event was quite short-lived in the Pacific Northwest, less than a few million years, except as it initiated the long-lived Yellowstone hotspot track of continuing silicic magmatism, with basaltic magmatism also continuing along the Snake River Plain in the wake of the migratory Yellowstone hotspot. Dike dilation beneath the Snake River Plain may account for major crustal extension, but crustal extension was demonstrably minor in the region of the principal feeder dike swarms for Columbia River Basalt in the Blue Mountains.
Transtaphrogen Bridge
During Neogene evolution of the Numic and Piman subtaphrogens, post-mid-Miocene extensional deformation was severely limited within the transtaphrogen bridge southwest of the Colorado Plateau (Fig. 8) . The Miocene episode of tectonic denudation within the Great Basin cluster of core complexes was coeval with the later phases of tectonic denudation within the westernmost representatives of the Desert Southwest cluster of core complexes along the Colorado River extensional corridor (Fig. 7) . Subsequent block faulting, however, was relatively minor along the Colorado River extensional corridor, as well as over a large adjacent area of southwestern Arizona (Spencer et al., 1995 (Spencer et al., , 2001 . This region of subdued block faulting is termed provisionally the SECAL-SWAZ (SE California−SW Arizona) domain and, together with the Mojave-ETR (Eastern Transverse Ranges) domain, forms the transtaphrogen bridge between Numic and Piman subtaphrogens (Fig. 1) . Neogene strike slip is prominent within the Mojave-ETR domain (Richard, 1993; Dickinson, 1996) , but Neogene normal faulting has been as subdued as within the SECAL-SWAZ domain (Stewart, 1998) .
Within the SECAL-SWAZ domain, the most prominent mountain ranges are megamullion culminations in the footwalls of corrugated Late Oligocene to Middle Miocene detachment faults Reynolds, 1989a, 1991) , rather than being controlled by younger normal faulting. The core-complex ranges in the heart of the SECAL-SWAZ domain are typically oriented ENE-WSW, subparallel to pre-Late Miocene mylonitic lineations in core rocks but aligned at a high angle to the range-front faults, trending NNW to NNE, which developed farther to the southeast within the Piman subtaphrogen of southeastern Arizona during Late Miocene time. The diffuse boundary between the SECAL-SWAZ domain of the transtaphrogen bridge and the Piman subtaphrogen to the southeast is located (Fig. 1) at the western limit of deep Neogene basins containing thick salt deposits in the subsurface (Dickinson, 2002) .
The boundary between the Numic subtaphrogen and the transtaphrogen bridge lies along the sinistral Garlock fault north of the Mojave-ETR domain. Farther east, the boundary is a more diffuse transfer zone that trends WNW-ESE, subparallel to the net vector of Neogene motion of the Sierra Nevada block with respect to the Colorado Plateau. This segment of the boundary, adjacent to the SECAL-SWAZ domain, is provisionally placed immediately south of a belt of prominent post-18 Ma or post-16 Ma extensional basins and intervening ranges, in northwesternmost Arizona and adjacent southernmost Nevada, extending as far to the southeast as the Hualapai Mountains (Faulds et al., 1988 (Faulds et al., , 1990 (Faulds et al., , 1997 Deubendorfer and Simpson, 1994; Beard, 1996; Deubendorfer and Sharp, 1998; Faulds, 1999; Brady et al., 2000) . The onset of major extension within this belt adjacent to the transtaphrogen bridge was delayed until after eruption of the Early Miocene Peach Springs Tuff at ~18.5 Ma (Dickinson, 1991; Stewart, 1998) , and hence postdated much of the tectonic denudation within the Desert Southwest cluster of core complexes (Fig. 2) . Migration of extensional tectonism northward along the Colorado River extensional corridor from the SECAL-SWAZ domain, forming the eastern segment of the transtaphrogen bridge, into the southeastern corner of the Numic subtaphrogen can be viewed, however, as an evolving continuum of deformation ( Fig. 7) , without any discrete time-space break at the diffuse transfer zone.
Farther west, in the Death Valley region of the Numic subtaphrogen immediately north of the Garlock fault (Fig. 1) , and along the western fringe of the Great Basin farther north, major crustal extension began somewhat later, ~15 Ma in Middle Miocene time (Dilles and Gans, 1995; Snow and Wernicke, 2000) . Late Miocene evolution of the nearby Walker Lane-ECSZ cluster of core complexes occurred in association with strike slip, which was associated also with the generation of calderas related to crustal pull-apart within crossover belts between fault strands (Byers et al., 1989) . Tectonic denudation (12-6 Ma) within the Walker Lane-ECSZ cluster of core complexes accompanied dextral transform shear along the Eastern California shear zone and Walker Lane (Fig. 8 ). The Walker Lane and ECSZ jointly form a diffuse inland shear zone that partitions part of net San Andreas transform slip into the continent east of the Sierra Nevada block, which has been calved from the continental interior as an incipient microplate (Argus and Gordon, 1991; Dixon et al., 2000) .
The development of a transtaphrogen bridge, largely unextended during post-mid-Miocene time between actively deforming Numic and Piman subtaphrogens, was probably controlled geodynamically by the positions of the incipient Mendocino and Rivera triple junctions along the continental margin (Fig. 5 ). Subsequent northward migration of the Mendocino triple junction was associated with post-17.5 Ma evolution of the Numic subtaphrogen, and southward migration of the Rivera triple junction with post-12.5 Ma evolution of the Piman subtaphrogen, but the intervening transtaphrogen bridge was not comparably subject to the influence of either migratory triple junction. With allowance for post-Miocene tectonic overprinting by seafloor spreading in the Gulf of California and associated crustal extension within the Salton Trough near the USA-Mexico border (Fig. 1) , the northern and southern boundaries of the transtraphrogen bridge lie directly inland from the initial positions of the two triple junctions (Fig. 5 ).
Piman Subtaphrogen
At ~12.5 Ma, the Rivera triple junction at the southern end of the evolving San Andreas transform moved rapidly southward past Baja California (Fig.  7) . Its transit along the continental margin occurred when a narrow residual sliver of the Guadalupe plate was finally subducted beneath the continental margin (with the exception of a small remnant of the Guadalupe plate captured by the Pacific plate). The Guadalupe plate had been derived from the Farallon plate when the Monterey and Arguello microplates were calved from the Farallon plate farther north at 27.5 Ma. Transit of the Rivera triple junction past Baja California was accompanied by activation of the offshore Tosco-Abreojos fault Normark, 1979, 1989) as a southern segment of the San Andreas transform boundary between the Pacific and North American plates (Fig. 8 ). Between 12.5 and ~6 Ma, the northern segment of the San Andreas transform in coastal California stepped inland into the California Coast Ranges, with extensional rifting in the stepover region of the continental borderland connecting the Tosco-Abreojos fault with the San Andreas fault proper ( Fig. 8) . At ~6 Ma also, the Tosco-Abreojos segment of the transform system was abandoned when the transform boundary shifted into the Gulf of California (Oskin et al., 2001) , where linked ridge crests and transform connectors extend the modern San Andreas system to the present mouth of the Gulf of California (Fig. 1) .
The rapid jump of the Rivera triple junction southward at ~12.5 Ma was succeeded by widespread crustal extension throughout the Piman subtaphrogen. Piman extension can be viewed in part as a response to dextral shear imposed on the continental edge by transform slip along the Tosco-Abreojos fault. In addition, the trend of the Tosco-Abreojos fault is slightly oblique to the direction of Pacific-North America plate motion, meaning that a divergent component of relative plate movement was accommodated kinematically by extension within the continental block. Resulting Late Miocene extensional deformation was widespread, not only within the Gulf extensional province just east of Baja California beginning ~12 Ma (Spencer and Normark, 1989; Stock and Hodges, 1989; Henry and Aranda-Gomez, 1992; Lee et al., 1996) , but began also ~12 Ma (Henry and Aranda-Gomez, 2000) within the Meseta Central province east of the relatively unextended Sierra Madre Occidental enclave ( Figs. 1 and 8) .
North of the Sierra Madre Occidental, the boundary between Gulf and Meseta Central extensional provinces (Fig. 1) is placed along the San Bernardino Valley of late Neogene basaltic volcanism near the Arizona-New Mexico state line. Across southern Arizona, an abrupt drop at ~12.5 Ma in reported 87 Sr/ 86 ratios for volcanic rocks, from 0.7055-0.7090 to 0.7030-0.7050 (Spencer and Reynolds, 1989a) , is taken as a reflection of the onset of extensional deformation within the Piman subtaphrogen, and the consequent direct access of mantle melts to the surface.
In the Big Bend region of Trans-Pecos Texas, renewal of extensional faulting at ~12 Ma (Stevens and Stevens, 1985; Dickerson and Muehlberger, 1994) reflected the onset of Piman taphrogeny, and eruption of the Jemez volcanic field along the flank of the Rio Grande rift in northern New Mexico beginning at ~13 Ma (Ingersoll et al., 1990) recorded the northward extension of Piman taphrogeny along the trend of the Rio Grande rift. Central rift troughs with deep structural keels (half-grabens) or floors (grabens) were superimposed upon older backarc basins of less focused character, and occupy the crestal zone of a topographic welt with a transverse morphology that has been likened to the paleobathymetry of a mid-ocean ridge (Eaton, 1987) . Farther south, the eastern edge of the Meseta Central province of the Piman subtaphrogen is placed along the western edge of the Sierra Madre Oriental (Fig. 1) . Local Neogene extension superimposed on thin-skinned Paleogene thrusting within the Sierra Madre Oriental may represent a distal expression of Basin and Range taphrogeny Aranda-Gomez, 1992, 2000; Stewart et al., 1998) .
Deformation within the Piman subtaphrogen waned after ~6 Ma (Stock and Hodges, 1989; Dickinson, 1991; Henry and Aranda-Gomez, 2000) , when the southern segment of the San Andreas transform boundary between the Pacific and North American plates jumped from the offshore Tosco-Abreojos fault into the Gulf of California. Previously diffuse crustal extension over a wide region was apparently concentrated thereafter along the spreading system within the Gulf of California (Stewart, 1998; Staude and Barton, 2001) .
Principal Conclusions
1. The block-faulted Basin and Range province is a composite taphrogen composed of disparate geotectonic elements that formed sequentially within various geographic segments of the intermountain region in response to multiple geodynamic impulses related to different plate interactions along the Cordilleran continental margin during Cenozoic time.
2. Crustal superextension to produce Cordilleran metamorphic core complexes bounded by brittle detachment faults associated with ductile mylonitic shear zones extended into Canada north of the Basin and Range taphrogen, but not as far as the southern limit of the taphrogen in Mexico.
3. Most core-complex development from Late Paleocene to Middle Miocene time was linked tectonically to evolution of a migratory post-Laramide Cordilleran magmatic arc controlled by slab rollback at an associated subduction zone along the continental margin, but local Late Miocene core complexes at crossover links between fault strands lying within the Walker Lane-ECSZ belt of transform shear were related to strike-slip kinematics.
4. The development of other known Cenozoic core complexes in the Aegean Sea and Solomon Sea also correlates in both space and time with intra-arc or backarc extension associated with slab rollback at associated subduction zones along the Hellenic Trench and the Trobriand Trough, respectively. 5. Transrotational Eocene tectonism, which displaced the Pacific Northwest Coast Range and the Blue Mountains lying near the paleocontinental margin, accompanied core-complex extension within the inland Cordillera, but preceded both the voluminous mid-Miocene basaltic magmatism of the Pacific Northwest and subsequent basin-range block faulting that offsets the basaltic lavas along the northern fringe of the Great Basin.
6. Middle Miocene flood basalts of the backarc Columbia River Plateau had counterparts that extended southward as far as the Northern Nevada rift of the Great Basin, as well as Late Miocene analogues in central British Columbia to the north, and the Yellowstone hotspot track along the Snake River Plain propagated from an origin point aligned with the trend of Columbia River dike swarms and the Northern Nevada rift. 7. Latest Early Miocene and younger crustal extension within the block-faulted Numic subtaphrogen of the Great Basin and associated subordinate extensional domains farther north was related to northward migration of the FFT Mendocino triple junction, and to consequent elongation of the San Andreas transform system along the California coast.
8. Latest Middle Miocene and younger extension within the Piman subtaphrogen south of the Colorado Plateau was related to southward migration of the RTF Rivera triple junction, and to consequent elongation of the San Andreas transform system past Baja California, first along the offshore Tosco-Abreojos fault zone and then within the Gulf of California. 9. A transtaphrogen bridge, lying between the Numic and Piman subtaphrogens and including the Mojave block, eastern Transverse Ranges, Colorado River extensional corridor, and southwestern Arizona, was not affected by significant post-mid-Miocene extensional deformation marked by block faulting to the north and south.
10. The boundaries of the transtaphrogen bridge within the Basin and Range taphrogen lie directly inland from the initial positions of the Mendocino and Rivera triple junctions along the continental margin, and define the unextended belt that was unaffected by migration of either triple junction.
11. Dominant Cenozoic extension directions in the Numic and Piman subtaphrogens have been divergent, both during tectonic denudation of core complexes and during later block faulting, but the zone of kinematic transition is apparently distributed over a wide region of continuum deformation.
12. Separate phases of crustal extension along the Rio Grande rift belt east of the Colorado Plateau were associated, respectively, with Oligocene-Miocene backarc tectonics controlled by slab rollback beneath the Cordilleran region, and with Miocene-Pliocene block faulting that formed a northerly prong of the Piman subtaphrogen to the south.
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